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An  improved  air  separation  process  wherein  a  stream 
which  is  warmed  to  provide  temperature  control  for  a 
reversing  heat  exchanger  and  is  expanded  to  generate  plant 
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TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   is  an  i m p r o v e d   a i r  

s e p a r a t i o n   p r o c e s s   which   a l l o w s   one  to  employ   an  a i r  

f r a c t i o n   fo r   r e v e r s i n g   h e a t   e x c h a n g e r   t e m p e r a t u r e  
c o n t r o l   and  for   p l a n t   r e f r i g e r a t i o n   w h i l e   a v o i d i n g  

d i s a d v a n t a g e s   h e r e t o f o r e   c o n c o m i t a n t   w i t h   such  a  

s y s t e m .  

BACKGROUND  ART 

Many  a i r   s e p a r a t i o n   p r o c e s s e s   e m p l o y  

r e v e r s i n g   h e a t   e x c h a n g e r s   to  c o o l   and  c l e a n   t h e  

i n c o m i n g   f e e d   a i r   and  to  warm  the   p r o d u c t   s t r e a m   o r  
s t r e a m s   to  a m b i e n t   t e m p e r a t u r e .   I n c o m i n g   a i r   i s  

c o o l e d   so  t h a t   c o n d e n s i b l e s   such   as  w a t e r   vapo r   a n d  

c a r b o n   d i o x i d e   c o n d e n s e   o n t o   the   h e a t   e x c h a n g e r .  

P e r i o d i c a l l y   the   flow  is  r e v e r s e d   and  t h e s e  

c o n d e n s i b l e s   a r e   swep t   o u t .   In  o r d e r   for   the   u n i t  

to  be  s e l f - c l e a n i n g ,   t h e r e   is  r e q u i r e d   a  means  t o  
c o n t r o l   t he   c o l d   end  t e m p e r a t u r e   d i f f e r e n c e   b e t w e e n  

the   c o o l i n g   and  warming   s t r e a m s .   One  way  t o  

a c c o m p l i s h   t h i s   t e m p e r a t u r e   c o n t r o l   is  to  p r o v i d e   a  

c o l d   end  u n b a l a n c e   s t r e a m ,   i . e . ,   a  s t r e a m   w h i c h  

t r a v e r s e s   t he   h e a t   e x c h a n g e r   t h o u g h   o n l y   p a r t   of  i t s  

l e n g t h .   The  p a r t i a l   t r a v e r s e   of  t h e   c o o l i n g   f e e d  
a i r   by  t he   u n b a l a n c e   s t r e a m   may  be  a c c o m p l i s h e d   in  a  
number  of  ways  such  as  h a v i n g   a  s i d e   h e a d e r   to  t h e  

h e a t   e x c h a n g e r   or  by  h a v i n g   two  s e p a r a t e   h e a t  

e x c h a n g e r s .  

In  many  such  a i r   s e p a r a t i o n   p r o c e s s e s   w h i c h  



employ   r e v e r s i n g   h e a t   e x c h a n g e r s ,   i t   is  d e s i r a b l e   t o  

expand   t h e   u n b a l a n c e   s t r e a m   a f t e r   i t   e x i t s   t h e  

r e v e r s i n g   h e a t   e x c h a n g e r   in  o r d e r   to  p r o v i d e  

r e f r i g e r a t i o n   to  the   p l a n t .   H o w e v e r ,   the   w a r m e d  

u n b a l a n c e   s t r e a m   e x i t i n g   a f t e r   p a r t i a l   t r a v e r s e   f r o m  

the   r e v e r s i n g   h e a t   e x c h a n g e r ,   when  e x p a n d e d ,   h a s  

c o n s i d e r a b l e   s u p e r h e a t   wh ich   has   a  p o t e n t i a l l y  
d e t r i m e n t a l   e f f e c t   on  t h e   e f f i c i e n c y   of  the   a i r  

s e p a r a t i o n   p r o c e s s .  
A  t y p i c a l   a i r   s e p a r a t i o n   p r o c e s s   employs   a  

d o u b l e   co lumn  d i s t i l l a t i o n   s y s t e m   w h e r e i n   a i r   is  f e d  

to  a  h i g h   p r e s s u r e   co lumn  in  w h i c h   the   i n i t i a l  

s e p a r a t i o n   is  c a r r i e d   o u t   and  w h i c h   is  in  h e a t  

e x c h a n g e   r e l a t i o n   w i t h   a  low  p r e s s u r e   co lumn,   t o  
w h i c h   a i r   may  a l s o   be  fed   and  in  w h i c h   the   f i n a l  

s e p a r a t i o n   is  c a r r i e d   o u t .   A l t h o u g h   such  d o u b l e  

d i s t i l l a t i o n   co lumn  s y s t e m s   may  o p e r a t e   unde r   a  

g r e a t   r a n g e   of  p r e s s u r e   c o n d i t i o n s   d e p e n d i n g ,   f o r  

e x a m p l e ,   on  the   p u r i t y   of  t he   p r o d u c t s   s o u g h t ,  

g e n e r a l l y   t he   low  p r e s s u r e   co lumn  o p e r a t e s   a t   a  

p r e s s u r e   of  from  15  to  30  p s i a   and  the   h i g h   p r e s s u r e  
column  o p e r a t e s   at   a  p r e s s u r e   of  from  a b o u t   90  t o  

150  p s i a .  

A  known  me thod   of  p r o v i d i n g   r e v e r s i n g   h e a t  

e x c h a n g e r   c o l d   end  t e m p e r a t u r e   c o n t r o l   and  p l a n t  

r e f r i g e r a t i o n   is  to  employ   t h e   h i g h   p r e s s u r e   c o l u m n  

s h e l f   v a p o r   as  t he   u n b a l a n c e   s t r e a m .   However ,   w h e n  

n i t r o g e n   p r o d u c t i o n   is  d e s i r e d ,   s u c h   an  a r r a n g e m e n t  
has   t he   d i s a d v a n t a g e   of  a  r e d u c t i o n   in  p l a n t  

o p e r a t i n g   f l e x i b i l i t y   b e c a u s e   t h e   same  s h e l f   v a p o r  
flow  must   be  u s e d   for   t h r e e   f u n c t i o n s  -   r e v e r s i n g  

h e a t   e x c h a n g e r   t e m p e r a t u r e   c o n t r o l ,   p l a n t  

r e f r i g e r a t i o n ,   and  p r o d u c t   n i t r o g e n   p r o d u c t i o n .  



T h i s   l a t t e r   f u n c t i o n   i m p o s e s   a  s e v e r e   s e p a r a t i o n  
l o a d   on  the   s y s t e m   b e c a u s e   n i t r o g e n   must   be  p r o d u c e d  

by  the   h i g h   p r e s s u r e   co lumn  r a t h e r   t h a n   the   l o w  

p r e s s u r e   co lumn  and ,   as  is  w e l l   known  f o r  

d i s t i l l a t i o n   s y s t e m s ,   i n c r e a s e d   p r e s s u r e   has   a n  
u n f a v o r a b l e   i n f l u e n c e   on  the   e q u i l i b r i u m   b e t w e e n  

c o - e x i s t i n g   l i q u i d   and  v a p o r   f r a c t i o n s   r e q u i r i n g  
a d d i t i o n a l   s e p a r a t i o n   s t a g e s ,   such  as  t r a y s ,   f o r  

e q u i v a l e n t   s e p a r a t i o n   p e r f o r m a n c e .   F u r t h e r m o r e ,   t h e  

use   of  h i g h   p r e s s u r e   co lumn  s h e l f   v a p o r   for   t h e  

u n b a l a n c e   s t r e a m   is  d i s a d v a n t a g e o u s   i f   a r g o n  

r e c o v e r y   is  d e s i r e d   b e c a u s e   some  of  t h e   f e e d  

b y p a s s e s   t he   low  p r e s s u r e   c o l u m n .  

To  o v e r c o m e   some  of  t h e s e   p r o b l e m s ,   an  a i r  

f r a c t i o n   has   been   e m p l o y e d   as  t he   u n b a l a n c e   s t r e a m .  

In  such   a  s y s t e m ,   t h e   a i r   f r a c t i o n   can  be  i n t r o d u c e d  

to  t he   low  p r e s s u r e   co lumn  a f t e r   i t   ha s   b e e n  

t u r b o e x p a n d e d .   H o w e v e r ,   b e c a u s e   t h i s   s t r e a m  

c o n t a i n s   c o n s i d e r a b l e   s u p e r h e a t ,   some  t e m p e r a t u r e  
c o n t r o l   of  the   u n b a l a n c e   s t r e a m   is  r e q u i r e d   b e f o r e  

i t   is  t u r b o e x p a n d e d .   T y p i c a l l y ,   t h i s   i n v o l v e s  

e x c h a n g i n g   some  of  t he   warm  u n b a l a n c e   s t r e a m   f l o w  

w i t h   some  of  the   c o o l   f e e d   a i r   f l ow .   However ,   t h i s  

r e q u i r e s   a  complex   c o n t r o l   v a l v e   a r r a n g e m e n t   t o  

m a i n t a i n   r e q u i r e d   p r e s s u r e   d i f f e r e n t i a l s   for   t h e  
d e s i r e d   f low  of  t h e   m i x i n g   s t r e a m s .   F u r t h e r m o r e ,  
t h i s   i n t r o d u c e s   a  p r e s s u r e   d rop   on  the   e n t i r e   f e e d  

a i r   s t r e a m .   S t i l l   f u r t h e r ,   t he   m i x i n g   of  d i f f e r e n t  

t e m p e r a t u r e   p r o c e s s   s t r e a m s   r e p r e s e n t s   a  

t h e r m o d y n a m i c   e n e r g y   l o s s .   However ,   a l l   t h e s e  

d i s a d v a n t a g e s   a r e   c o n s i d e r e d   n e c e s s a r y   to  o b t a i n   t h e  
d e s i r e d   r e s u l t   of  r e l a t i v e l y   low  s u p e r h e a t   in  t h e  

s t r e a m   i n t r o d u c e d   to  the   low  p r e s s u r e   c o l u m n .   As  i s  



known,  s h o u l d   t h i s   s t r e a m   c o n t a i n   s i g n i f i c a n t   h e a t  

c o n t e n t ,   as  r e p r e s e n t e d   by  the   s u p e r h e a t ,   i t   w o u l d  

a d v e r s e l y   a f f e c t   r e f l u x   r a t i o s   w i t h i n   t he   l o w  

p r e s s u r e   c o l u m n   and  t h e r e b y   p r o d u c t   r e c o v e r y .   A n y  

s u p e r h e a t   in  t h e   low  p r e s s u r e   a i r   s t r e a m   w i l l  

v a p o r i z e   some  d e s c e n d i n g   l i q u i d   r e f l u x   and  t h e r e b y  
i n c r e a s e   t h e   r e f l u x   r a t i o   in  t he   l o w e r   s e c t i o n   o f  

t he   low  p r e s s u r e   co lumn  m a k i n g   t h e   co lumn  s e p a r a t i o n  

more  d i f f i c u l t .  

I t   i s ,   t h e r e f o r e ,   d e s i r a b l e   to  p r o v i d e   a n  
a i r   s e p a r a t i o n   p r o c e s s   w h i c h   can  employ   an  a i r  

f r a c t i o n   f o r   r e v e r s i n g   h e a t   e x c h a n g e r   c o l d   e n d  

t e m p e r a t u r e   c o n t r o l   and  f o r   p l a n t   r e f r i g e r a t i o n  

w h i l e   a v o i d i n g   t he   d i f f i c u l t i e s   m e n t i o n e d   a b o v e .  

A c c o r d i n g l y ,   i t   is   an  o b j e c t   of  t h i s  
.  i n v e n t i o n   to  p r o v i d e   an  i m p r o v e d   a i r   s e p a r a t i o n  

p r o c e s s .  
I t   i s   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   an  i m p r o v e d   a i r   s e p a r a t i o n   p r o c e s s   w h e r e i n   a  

r e v e r s i n g   h e a t   e x c h a n g e r   u n b a l a n c e   s t r e a m   i s  

d e s u p e r h e a t e d   a f t e r   e x p a n s i o n   fo r   p l a n t  

r e f r i g e r a t i o n .  

I t   is   a  f u r t h e r   o b j e c t   of  t h i s   i n v e t i o n   t o  

p r o v i d e   an  i m p r o v e d   a i r   s e p a r a t i o n   p r o c e s s   w h e r e i n  

an  a i r   f r a c t i o n   is  e m p l o y e d   to  p r o v i d e   r e v e r s i n g  

h e a t   e x c h a n g e r   c o l d   end  t e m p e r a t u r e   c o n t r o l   a n d  

p l a n t   r e f r i g e r a t i o n .  

DISCLOSURE  OF  THE  INVENTION 

The  a b o v e   and  o t h e r   o b j e c t s   which   w i l l  

become  a p p a r e n t   to  t h o s e   s k i l l e d   in  t he   a r t   a r e  

a c h i e v e d   by  t h e   p r o c e s s   of  t h i s   i n v e n t i o n ,   o n e  
e m b o d i m e n t   of  w h i c h   c o m p r i s e s :  



In  a  p r o c e s s   fo r   the   s e p a r a t i o n   of  a i r   b y  
r e c t i f i c a t i o n   w h e r e i n   f e ed   a i r   at   g r e a t e r   t h a n  

a t m o s p h e r i c   p r e s s u r e   is  c o o l e d   s u b s t a n t i a l l y   to  i t s  
dew  p o i n t   and  is  s u b j e c t e d   to  r e c t i f i c a t i o n   in  a  

h i g h   p r e s s u r e   co lumn  and  a  low  p r e s s u r e   c o l u m n ,   a n d  

w h e r e i n   a  f i r s t   s t r e a m ,   h a v i n g   an  o x y g e n  
c o n c e n t r a t i o n   of  from  a b o u t   10  p e r c e n t   to  t h a t   o f  

a i r ,   is  warmed  by  p a r t i a l   t r a v e r s e   a g a i n s t   s a i d  

c o o l i n g   f e ed   a i r ,   s a i d   f i r s t   s t r e a m   t h e n  

s e q u e n t i a l l y   b e i n g   e x p a n d e d   and  i n t r o d u c e d   i n t o   s a i d  

low  p r e s s u r e   c o l u m n ,   t he   i m p r o v e m e n t   c o m p r i s i n g :  

(1)  w i t h d r a w i n g   from  s a i d   h i g h  

p r e s s u r e   co lumn  a  s e c o n d   l i q u i d   s t r e a m ;  

(2)  c o o l i n g   s a i d   f i r s t   s t r e a m   a f t e r  

e x p a n s i o n   bu t   b e f o r e   i n t r o d u c t i o n   i n t o   the   l o w  

p r e s s u r e   co lumn  by  i n d i r e c t   h e a t   e x c h a n g e   w i t h   s a i d  
s e c o n d   s t r e a m ;   a n d  

(3)  r e t u r n i n g   s a i d   s e c o n d   s t r e a m   t o  

the   h i g h   p r e s s u r e   c o l u m n .  

A n o t h e r   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s  

i n v e n t i o n   c o m p r i s e s :  

In  a  p r o c e s s   for   the   s e p a r a t i o n   of  a i r   b y  
r e c t i f i c a t i o n   w h e r e i n   f e ed   a i r   a t   g r e a t e r   t h a n  

a t m o s p h e r i c   p r e s s u r e   is  c o o l e d   s u b s t a n t i a l l y   to  i t s  

dew  p o i n t   and  is  s u b j e c t e d   to  r e c t i f i c a t i o n   in  a  

h i g h   p r e s s u r e   co lumn  and  a  low  p r e s s u r e   c o l u m n ,   a n d  

w h e r e i n   a  f i r s t   s t r e a m   h a v i n g   a  c o m p o s i t i o n  

s u b s t a n t i a l l y   t h a t   of  a i r   is  warmed  by  p a r t i a l  
t r a v e r s e   a g a i n s t   s a i d   c o o l i n g   f eed   a i r ,   s a i d   f i r s t  

s t r e a m   t hen   s e q u e n t i a l l y   b e i n g   e x p a n d e d   a n d  

i n t r o d u c e d   i n t o   s a i d   low  p r e s s u r e   co lumn ,   t h e  

i m p r o v e m e n t   c o m p r i s i n g :  

(A)  d i v i d i n g   the   c o o l e d   f eed   a i r   i n t o  



a  m a j o r   f r a c t i o n   and  a  m i n o r   f r a c t i o n ;  

(B)  i n t r o d u c i n g   the   ma jo r   f r a c t i o n  

i n t o   t h e   h i g h   p r e s s u r e   c o l u m n ;  

(C)  d i v i d i n g   t h e   minor  f r a c t i o n   i n t o  

the   f i r s t   s t r e a m   and  a  s e c o n d   s t r e a m ;  

(D)  c o o l i n g   t h e   f i r s t   s t r e a m   a f t e r  

e x p a n s i o n   b u t   b e f o r e   i n t r o d u t i o n   to  t he   low  p r e s s u r e  
co lumn   by  i n d i r e c t   h e a t   e x c h a n g e   w i t h   s a i d   s e c o n d  

s t r e a m ;   a n d  

(E)  i n t r o d u c i n g   t he   s e c o n d   s t r e a m  

i n t o   t h e   h i g h   p r e s s u r e   c o l u m n .  

As  u s e d   h e r e i n   t he   t e rm  "co lumn"   r e f e r s   t o  

a  d i s t i l l a t i o n   c o l u m n ,   i . e . ,   a  c o n t a c t i n g   co lumn   o r  

zone  w h e r e i n   l i q u i d   and  v a p o r   p h a s e s   a r e   c o u n t e r -  

c u r r e n t l y   c o n t a c t e d   to  e f f e c t   s e p a r a t i o n   of  a  f l u i d  

m i x t u r e ,   as  fo r   e x a m p l e ,   by  c o n t a c t i n g   of  t h e   v a p o r  
and  l i q u i d   p h a s e s   on  a  s e r i e s   of  v e r t i c a l l y  

s p a c e d - a p a r t   t r a y s   or  p l a t e s   moun ted   w i t h i n   t h e  

c o l u m n ,   or  a l t e r n a t i v e l y ,   on  p a c k i n g   e l e m e n t s   w i t h  

w h i c h   t h e   co lumn  is  f i l l e d .   For  an  e x p a n d e d  
d i s c u s s i o n   of  d i s t i l l a t i o n   c o l u m n s ,   see   t h e   C h e m i c a l  

E n g i n e e r s '   H a n d b o o k ,   F i f t h   E d i t i o n ,   e d i t e d   by  R.  H .  

P e r r y   and  C.  H.  C h i l t o n ,   M c G r a w - H i l l   Book  C o m p a n y ,  

New  Y o r k ,   S e c t i o n   13,  " D i s t i l l a t i o n " ,   B.  D.  S m i t h  

et   a l . ,   page   1 3 - 3 ,   The  C o n t i n u o u s   D i s t i l l a t i o n  

P r o c e s s .   A  common  s y s t e m   fo r   s e p a r a t i n g   a i r   e m p l o y s  

a  h i g h e r   p r e s s u r e   d i s t i l l a t i o n   co lumn  h a v i n g   i t s  

u p p e r   end  in  h e a t   e x c h a n g e   r e l a t i o n   w i t h   t he   l o w e r  

end  of  a  l o w e r   p r e s s u r e   d i s t i l l a t i o n   c o l u m n .   C o l d  

c o m p r e s s e d   a i r   is  s e p a r a t e d   i n t o   o x y g e n - r i c h   a n d  

n i t r o g e n - r i c h   f r a c t i o n s   in  t he   h i g h e r - p r e s s u r e  

co lumn   and  t h e s e   f r a c t i o n s   a r e   t r a n s f e r r e d   to  t h e  

l o w e r - p r e s s u r e   co lumn  fo r   f u r t h e r   s e p a r a t i o n   i n t o  



n i t r o g e n   and  o x y g e n - r i c h   f r a c t i o n s .   E x a m p l e s   o f  
d o u b l e - d i s t i l l a t i o n   column  s y s t e m   a p p e a r   in  R u h e m a n ,  
"The  S e p a r a t i o n   of  G a s e s , "   Oxfo rd   U n i v e r s i t y   P r e s s ,  
1 9 4 9 .  

As  u sed   h e r e i n   the   i t em  " s u p e r h e a t "   o r  
" s u p e r h e a t e d   v a p o r "   is  used   to  mean  a  v a p o r   h a v i n g   a  
t e m p e r a t u r e   h i g h e r   t h a n   i t s   dew  p o i n t   a t   i t s  

p a r t i c u l a r   p r e s s u r e ;   the   s u p e r h e a t   is  t h a t   h e a t  

w h i c h   c o n s t i t u t e s   t he   t e m p e r a t u r e   d i f f e r e n c e   a b o v e  
the   dew  p o i n t .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  is  a  s c h e m a t i c   r e p r e s e n t a t i o n   o f  

one  p r e f e r r e d   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s  

i n v e n t i o n .  

F i g u r e   2  is  a  s c h e m a t i c   r e p r e s e n t a t i o n   o f  
a n o t h e r   e m b o d i m e n t   of  the   p r o c e s s   of  t h i s   i n v e n t i o n .  

DETAILED  DESCRIPTION 

The  p r o c e s s   of  t h i s   i n v e n t i o n   w i l l   b e  

d e s c r i b e d   in  d e t a i l   w i t h   r e f e r e n c e   to  F i g u r e   1 .  

Feed  a i r   120  is  i n t r o d u c e d   at   a b o u t   a m b i e n t  

t e m p e r a t u r e   and  a t   g r e a t e r   t han   a t m o s p h e r i c   p r e s s u r e  
to  r e v e r s i n g   h e a t   e x c h a n g e r   200  where   i t   is   c o o l e d  
and  whe re   c o n d e n s i b l e   c o n t a m i n a n t s   such   as  w a t e r  

v a p o r   and  c a r b o n   d i o x i d e   a r e   r emoved   by  b e i n g   p l a t e d  

on  the   h e a t   e x c h a n g e r   w a l l s   as  the   a i r   is  c o o l e d .  

The  r e l a t i v e l y   c l e a n   and  c o o l e d   b u t   p r e s s u r i z e d   a i r  

s t r e a m   121  is  r e m o v e d   from  the   c o l d   e n d '  o f   the   h e a t  

e x c h a n g e r   and  i n t r o d u c e d   to  t he   b o t t o m   of  h i g h  

p r e s s u r e   co lumn  122.   W i t h i n   t h i s   c o l u m n ,   t he   f i r s t  
few  s t a g e s   a t   t he   b o t t o m   a re   i n t e n d e d   to  s c r u b   t h e  

r i s i n g   vapo r   a g a i n s t   d e s c e n d i n g   l i q u i d   and  t h e r e b y  
c l e a n   the   i n c o m i n g   vapor   f eed   from  any  c o n t a m i n a n t  



n o t   r e m o v e d   by  the   r e v e r s i n g   h e a t   e x c h a n g e r ,   such   a s  

h y d r o c a r b o n s .   A f t e r   t he   v a p o r   f e e d   a i r   has   b e e n  

s c r u b b e d   of  c o n t a m i n a n t s ,   a  f r a c t i o n   137  of  t h a t  

s t r e a m ,   h a v i n g   a  c o m p o s i t i o n   s u b s t a n t i a l l y   t h a t   o f  

a i r ,   is   r e m o v e d   a t   a  p o i n t   s e v e r a l   t r a y s   above   t h e  

b o t t o m   of  t he   h i g h   p r e s s u r e   c o l u m n .   A  minor   p o r t i o n  

139  may  be  c o n d e n s e d   in  h e a t   e x c h a n g e r   152  a g a i n s t  

r e t u r n   s t r e a m s   136,  135  or  129  from  t he   low  p r e s s u r e  
co lumn   to   warm  t h e s e   s t r e a m s   p r i o r   to   t h e i r  

i n t r o d u c t i o n   to  t he   r e v e r s i n g   h e a t   e x c h a n g e r .   T h e  

c o n d e n s e d   minor   p o r t i o n   140  is  t h e n   r e t u r n e d   to  t h e  

h i g h   p r e s s u r e   c o l u m n .  

The  r e m a i n i n g   f r a c t i o n   138  is   i n t r o d u c e d   t o  

t h e   c o l d   end  of  the   r e v e r s i n g   h e a t   e x c h a n g e r   a n d  

warmed  to  i n t e r m e d i a t e   t e m p e r a t u r e   141  so  as  t o  

c o n t r o l   t he   c o l d   end  t e m p e r a t u r e   w h i c h   is  r e q u i r e d  
for   s e l f - c l e a n i n g   of  t h e   r e v e r s i n g   h e a t   e x c h a n g e r .  
T h i s   u n b a l a n c e   s t r e a m   is  t h e n   r e m o v e d   from  the   h e a t  

e x c h a n g e r   and  e x p a n d e d   in  t u r b o e x p a n d e r   142  t o  

d e v e l o p   r e f r i g e r a t i o n .  

The  h i g h   p r e s s u r e   co lumn  122  s e p a r a t e s   t h e  

f e e d   a i r   i n t o   an  o x y g e n - r i c h   l i q u i d   123  and  a  

n i t r o g e n - r i c h   s t r e a m   127.   The  k e t t l e   l i q u i d   123 

c o n t a i n i n g   any  c o n t a m i n a n t s   from  t he   f e e d   a i r   i s  

p a s s e d   t h r o u g h   k e t t l e   l i q u i d   ge l   t r a p   124  w h i c h  

c o n t a i n s   s u i t a b l e   a d s o r b e n t   to  r emove   s u c h  

c o n t a m i n a n t   and  is  p a s s e d   125  to  t h e   low  p r e s s u r e  
co lumn   130  a f t e r   h a v i n g   been   p r e v i o u s l y   w a r m e d  

a g a i n s t   w a s t e   n i t r o g e n   a t   134  and  e x p a n d e d   to  1 3 2 .  

The  n i t r o g e n - r i c h   s t r e a m   127  is  i n t r o d u c e d  

i n t o   t h e   main  c o n d e n s e r   204  w h e r e   i t   is  c o n d e n s e d   t o  

p r o v i d e   l i q u i d   r e f l u x   203  and  w h e r e   i t   r e b o i l s   t h e  

b o t t o m s   128  of  the   low  p r e s s u r e   co lumn  to  p r o v i d e  



v a p o r   r e f l u x   fo r   t h i s   c o l u m n .   L i q u i d   r e f l u x   s t r e a m  
203  is  d i v i d e d   i n t o   s t r e a m   202  w h i c h   is  i n t r o d u c e d  
i n t o   the   h i g h   p r e s s u r e   column  and  i n t o   s t r e a m   1 2 6  

which   is  warmed  a g a i n s t   w a s t e   n i t r o g e n   a t   133  a n d  

e x p a n d e d   in  v a l v e   131  b e f o r e   i t   is  i n t r o d u c e d   i n t o  

the   low  p r e s s u r e   c o l u m n .  

The  e x p a n d e d   u n b a l a n c e   s t r e a m   143  i s  

d e s u p e r h e a t e d   in  h e a t   e x c h a n g e r   154  by  i n d i r e c t   h e a t  

e x c h a n g e   w i t h   a  s m a l l   s t r e a m   of  l i q u i d   145  w i t h d r a w n  

from  the   h i g h   p r e s s u r e   co lumn  a t   s u b s t a n t i a l l y   t h e  

same  p o i n t   as  t he   v a p o r   a i r   137.  The  r e s u l t i n g  

v a p o r   a t   153  is  r e t u r n e d   to  the   h i g h   p r e s s u r e  
c o l u m n .   The  d e s u p e r h e a t e d   s t r e a m   144  is  i n t r o d u c e d  

155  to  t he   low  p r e s s u r e   co lumn.   For  s o m e  
a p p l i c a t i o n s ,   s u c h   as  when  a r g o n   r e c o v e r y   i s  

d e s i r e d ,   a  minor   f r a c t i o n   156  of  t he   low  p r e s s u r e  

d e s u p e r h e a t e d   s t r e a m   b y p a s s e s   t he   low  p r e s s u r e  
column  and  is  a d d e d   to  the   w a s t e   n i t r o g e n   s t r e a m  

135.  Such  a r r a n g e m e n t   has  the   a d v a n t a g e   o f  

o p e r a t i n g   h e a t   e x c h a n g e r   154  in  a  f l o o d e d   c o o l i n g  

l i q u i d   c o n d i t i o n ,   t h e r e b y   e n s u r i n g   maximum  p o s s i b l e  

d e s u p e r h e a t i n g   of  the   t u r b i n e   e x h a u s t   a t   a l l   t i m e s .  

I t   is  a l s o   p o s s i b l e   to  use  t he   c o n d e n s e d  

l i q u i d   a i r   s t r e a m   140  in  e x c h a n g e r   154  to  s u p p l y   t h e  

r e q u i r e d   c o o l a n t   for   the   t u r b i n e   e x h a u s t  

d e s u p e r h e a t i n g   f u n c t i o n .   The  r e s u l t i n g   p a r t l y  
v a p o r i z e d   l i q u i d   a i r   s t r e a m   would   t h e n   be  r e t u r n e d  

to  the   h i g h   p r e s s u r e   co lumn  at   s u b s t a n t i a l l y   t h e  

same  p o i n t .  

The  v a p o r   s t r e a m   137  p r e f e r a b l y   has  t h e  

same  c o m p o s i t i o n   as  a i r .   T y p i c a l l y ,   t h i s   s t r e a m   may 
have   an  oxygen   c o m p o s i t i o n   of  a b o u t   19  to  21  p e r c e n t  

o x y g e n .   For  some  a p p l i c a t i o n s ,   t he   v a p o r   s t r e a m   137  



can  be  w i t h d r a w n   from  a  h i g h e r   p o i n t   in  co lumn  122  

and  t h e r e b y   have   an  o x y g e n   c o n t e n t   as  low  as  a b o u t  

10  p e r c e n t   o x y g e n ;   s t i l l   lower   o x y g e n   c o n t e n t s   w o u l d  

u n d e s i r a b l y   s h i f t   too   much  of  t he   s e p a r a t i o n   to  t h e  

h i g h   p r e s s u r e   c o l u m n .   The  v o l u m e t r i c   f low  r a t e   o f  

t h e   s t r e a m   employed   for   c o l d   end  t e m p e r a t u r e   c o n t r o l  

is  p r e f e r a b l y   from  7  to  18  p e r c e n t ,   most  p r e f e r a b l y  

f rom  9  to  12  p e r c e n t   of  t he   f eed   a i r   f low  r a t e .  

The  l i q u i d   s t r e a m   145  is  p r e f e r a b l y  
w i t h d r a w n   from  the   co lumn  122  a t   e s s e n t i a l l y   t h e  

same  p o i n t   as  t he   v a p o r   s t r e a m   137,   j u s t   a b o v e   t h e  

s c r u b b i n g   s e c t i o n   of  co lumn  122.   Th i s   means  t h a t  

t h e   l i q u i d   s t r e a m   w i l l   t y p i c a l l y   be  c l o s e   t o  

e q u i l i b r i u m   w i t h   t h a t   r i s i n g   v a p o r .   Th i s   is   t h e  

c a s e   s i n c e   the   l o w e r   s c r u b b i n g   s e c t i o n   of  co lumn  122  

is   p r i m a r i l y   i n t e n d e d   to  wash  t he   r i s i n g   v a p o r   w i t h  

t h e   d e s c e n d i n g   l i q u i d   and  no t   to  p e r f o r m   s u b s t a n t i a l  

s e p a r a t i o n .   The  c o m p o s i t i o n   of  t he   l i q u i d   w i l l  

d e p e n d   on  the   d i s t i l l a t i o n   co lumn  122  p r o c e s s  
c o n d i t i o n s ,   i n c l u d i n g   t h e   p r e s s u r e   and  number   o f  

s e p a r a t i o n   s t a g e s   or  t r a y s ,   bu t   p r e f e r a b l y   w i l l  

r a n g e   from  a b o u t   35  to  39  p e r c e n t   o x y g e n .   H o w e v e r ,  

t h i s   l i q u i d   can  have   an  oxygen   c o n t e n t   of  from  a b o u t  

30  to  45  p e r c e n t   d e p e n d i n g   on  t he   p r o c e s s  
c o n d i t i o n s .   A n o t h e r   s u i t a b l e   c o o l a n t   l i q u i d   s o u r c e  

f o r   s t r e a m   145  wou ld   be  d o w n s t r e a m   of  t he   k e t t l e  

l i q u i d   ge l   t r a p   124,  as  for   e x a m p l e ,   s t r e a m   1 2 5 .  

T h i s   l i q u i d   wou ld   be  c l e a n e d   of  any  c o n t a m i n a n t s   b y  

t h e   t r a p   and  would   h a v e   a  c o m p o s i t i o n   c o m p a r a b l e   t o  

t h a t   j u s t   above   the   s c r u b b i n g   s e c t i o n   w i t h i n   t h e  

c o l u m n .  

The  r e t u r n   s t r e a m s   to  t he   h i g h   p r e s s u r e  
c o l u m n   122  a r e   p r e f e r a b l y   i n t r o d u c e d   to  t he   c o l u m n  



at   t he   same  l e v e l   as  the  w i t h d r a w a l   s t r e a m s .   T h a t  

i s ,   s t r e a m s   140  and  153  a r e   p r e f e r a b l y   r e t u r n e d   a t  

t he   same  co lumn  l e v e l ,   r e s p e c t i v e l y ,   as  s t r e a m   1 3 7  

and  s t r e a m   145  a re   w i t h d r a w n .   T h i s   is   g e n e r a l l y  

p r e f e r a b l e ,   s i n c e   the   f l u i d   f lows   can  be  h a n d l e d  

more  e a s i l y .   However ,   the   same  l e v e l   r e t u r n  

c r i t e r i a   is  no t   c r i t i c a l   to  t he   i m p r o v e d   p r o c e s s   o f  
t h i s   i n v e n t i o n ,   and  s i n c e   t h e s e   r e t u r n   s t r e a m s   a r e  

r e l a t i v e l y   m ino r   f low  s t r e a m s   h a v i n g   a  maximum  o f  

o n l y   s e v e r a l   p e r c e n t   of  t he   f e ed   a i r ,   i n t r o d u c t i o n  

of  t he   s t r e a m s   a t   any  s u i t a b l e   p o i n t   to  the   c o l u m n  

122  is  s a t i s f a c t o r y .  
The  low  p r e s s u r e   co lumn  130  p e r f o r m s   t h e  

f i n a l   s e p a r a t i o n   and  p r o d u c e s   a  p r o d u c t   o x y g e n  
s t r e a m   129  and  a  w a s t e  n i t r o g e n   s t r e a m   135  wh ich   c a n  

be  u s e d   to  s u b c o o l   t he   l i q u i d   r e f l u x   in  h e a t  

e x c h a n g e r s   133  and  134.  A d d i t i o n a l l y ,   t he   l o w  

p r e s s u r e   co lumn  can  be  used   to  p r o d u c e   n i t r o g e n  

p r o d u c t   136  from  the   top  of  t h a t   c o l u m n .   Al l   o f  

t h e s e   r e t u r n   s t r e a m s   may  be  s u p e r h e a t e d   in  h e a t  

e x c h a n g e r   152  a g a i n s t   the  s m a l l   c o n d e n s i n g   a i r  

s t r e a m   139  b e f o r e   t hey   e n t e r   the   r e v e r s i n g   h e a t  

e x c h a n g e r   200  as  p r o d u c t   oxygen   149,   w a s t e   n i t r o g e n  

150  and  p r o d u c t   n i t r o g e n   151  and  from  wh ich   t h e y  
e x i t   as  146,  148  and  147  r e s p e c t i v e l y .  

When  the  i n c o m i n g   f eed   a i r ,   a f t e r   p a s s a g e  
t h r o u g h   the   r e v e r s i n g   h e a t   e x c h a n g e r   to  c l e a n   o u t  

the   c o n d e n s i b l e   c o n t a m i n a n t s ,   is  f u r t h e r   c l e a n e d   o f  

o t h e r   c o n t a m i n a n t s   upon  e x i t i n g   from  the   r e v e r s i n g  

h e a t   e x c h a n g e r   by  p a s s a g e   t h r o u g h   f i l t e r   means  s u c h  

as  a  c o l d - e n d   ge l   t r a p ,   a  f r a c t i o n   of  t he   r e s u l t i n g  

c l e a n e d   f e e d   a i r   may  be  used   d i r e c t l y   for   r e v e r s i n g  
h e a t   e x c h a n g e r   c o l d - e n d   t e m p e r a t u r e   c o n t r o l   and  f o r  



p l a n t   r e f r i g e r a t i o n   w i t h o u t   r e q u i r i n g   t h a t   a l l   o f  

t h e   f e e d   a i r   be  p a s s e d   to  t he   h i g h   p r e s s u r e   c o l u m n  

to  a c c o m p l i s h   the   f u r t h e r   c l e a n i n g .   One  e m b o d i m e n t  

of  s u c h   an  a r r a n g e m e n t   e m p l o y i n g   a  c o l d - e n d   gel   t r a p  
is  shown  in  F i g u r e   2.  The  n u m e r a l s   of  F i g u r e   2 

c o r r e s p o n d   to  t h o s e   of  F i g u r e   1  for   t h o s e   p r o c e s s  
f e a t u r e s   w h i c h   a r e   common  to  b o t h .   The  d i s c u s s i o n  

of  t h e   e m b o d i m e n t   shown  in  F i g u r e   2  w i l l   d e s c r i b e   i n  

d e t a i l   o n l y   t h o s e   p o r t i o n s   of  t h i s   e m b o d i m e n t   w h i c h  

d i f f e r   m a t e r i a l l y   from  the   e m b o d i m e n t   shown  i n  

F i g u r e   1 .  

In  t he   e m b o d i m e n t   shown  in  F i g u r e   2,  f e e d  

a i r   120  is  i n t r o d u c e d   a t   a b o u t   a m b i e n t   t e m p e r a t u r e  
and  a t   g r e a t e r   t h a n   a t m o s p h e r i c   p r e s s u r e   t o  

r e v e r s i n g   h e a t   e x c h a n g e r   200  and ,   upon  e x i t i n g   f r o m  

t h e   h e a t   e x c h a n g e r ,   is  p a s s e d   t h r o u g h   c o l d - e n d   g e l  

t r a p   196  to  f u r t h e r   c l e a n   the   a i r   of  c o n t a m i n a n t s  

s u c h   as  h y d r o c a r b o n s .   The  c o o l e d   and  c l e a n e d   a i r  

s t r e a m   121  is  t h e n   d i v i d e d   i n t o   a  m a j o r   p o r t i o n   1 7 1  

and  a  minor   p o r t i o n   172.  The  ma jo r   p o r t i o n   171  i s  

i n t r o d u c e d   to  t he   h i g h   p r e s s u r e   co lumn  122  as  f e e d  

w h i l e   the   minor   p o r t i o n   is  d i v i d e d   i n t o   s t r e a m   1 7 3 ,  

w h i c h   is  i n t r o d u c e d   to  t he   r e v e r s i n g   h e a t   e x c h a n g e r  

f o r   c o l d   end  t e m p e r a t u r e   c o n t r o l ,   and  i n t o   s t r e a m  

174.   S t r e a m   173  is  r e m o v e d   from  the   r e v e r s i n g   h e a t  

e x c h a n g e r   a f t e r   p a r t i a l   t r a v e r s e   a t   141,  e x p a n d e d   i n  

t u r b o e x p a n d e r   142  and  t h e   e x p a n d e d   s t r e a m   143  i s  

d e s u p e r h e a t e d   by  i n d i r e c t   h e a t   e x c h a n g e   w i t h   s t r e a n  

174 .   T h i s   e m b o d i m e n t   a d d i t i o n a l l y   i l l u s t r a t e s   t h e  

o p t i o n   of  e m p l o y i n g   s t r e a m   174  to  h e a t   t he   r e t u r n  

p r o c e s s   s t r e a m s   f rom  the   low  p r e s s u r e   co lumn   a t   h e a t  

e x c h a n g e r   152.  A l s o   i l l u s t r a t e d   is  the   o p t i o n a l  

b y p a s s   156  d i s c u s s e d   p r e v i o u s l y .  



The  e x p a n d e d   and  d e s u p e r h e a t e d   s t r e a m   1 4 4  

is  i n t r o d u c e d   155  to  the   low  p r e s s u r e   co lumn  130  a n d  

s t r e a m   174  is  i n t r o d u c e d   to  t he   h i g h   p r e s s u r e   c o l u m n .  

In  t h i s   e m b o d i m e n t ,   t he   minor   f r a c t i o n   172 

p r e f e r a b l y   c o n t a i n s   from  7  to  18  p e r c e n t ,   m o s t  

p r e f e r a b l y   from  9  to  12  p e r c e n t ,   of  t he   i n c o m i n g  
f eed   a i r   on  a  v o l u m e t r i c   f low  r a t e   b a s i s ,   w i t h   t h e  

r e m a i n d e r   of  the   feed   a i r   b e i n g   in  the   m a j o r  
f r a c t i o n   171.  S t r e a m   174  p r e f e r a b l y   c o n t a i n s   from  1 

to  3  p e r c e n t ,   most  p r e f e r a b l y   a b o u t   2  p e r c e n t ,   o f  

the   i n c o m i n g   f eed   a i r   on  a  v o l u m e t r i c   f low  r a t e  

b a s i s .   S t r e a m   173  c o m p r i s e s   the   minor   f r a c t i o n   172  

l e s s   t h a t   p o r t i o n   wh ich   is  d i v i d e d   ou t   to  b e c o m e  

s t r e a m   1 7 4 .  

When  the   c o l d - e n d   ge l   t r a p   a r r a n g e m e n t   i s  

e m p l o y e d ,   i t   may  be  more  p r e f e r a b l e   to  d e s u p e r h e a t  

the   e x p a n d e d   u n b a l a n c e   s t r e a m   by  i n d i r e c t   h e a t  

e x c h a n g e   w i t h   a  s t r e a m   t a k e n   from  the   h i g h   p r e s s u r e  
co lumn ,   such   as  s t r e a m   145  of  t he   F i g u r e   1 

e m b o d i m e n t ,   r a t h e r   t h e n   w i t h   a  s t r e a m   s p l i t   o f f   f r o m  

the   c l e a n e d   f e ed   a i r ,   such  as  s t r e a m   174  of  t h e  

F i g u r e   2  e m b o d i m e n t .   The  d e t e r m i n a t i o n   of  w h i c h  

a r r a n g e m e n t   would   be  t he   more  p r e f e r a b l e   w i l l   d e p e n d  

on  f a c t o r s   such   as  h e a t   t r a n s f e r   e f f i c i e n c y ,  

c o n s t r u c t i o n   and  p i p i n g   e a s e ,   and  on  o t h e r   f a c t o r s  

known  to  t h o s e   s k i l l e d   in  the   a r t .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   a l l o w s   t h e  

t u r b i n e   e x h a u s t   s t r e a m   to  be  c o o l e d   c l o s e   to  the   a i r  

s a t u r a t i o n   c o n d i t i o n s   c o r r e s p o n d i n g   to  the   h i g h  

p r e s s u r e   c o l u m n .   T y p i c a l l y ,   h i g h   p r e s s u r e   c o l u m n  

a i r  s a t u r a t i o n   t e m p e r a t u r e   w i l l   r a n g e   from  a b o u t   95 

to  105°K.   C o o l i n g   the   t u r b i n e   a i r   e x h a u s t   to  t h e  

h i g h   p r e s s u r e   column  a i r   s a t u r a t i o n   t e m p e r a t u r e  



r e s u l t s   in  r e m o v a l   of  s i g n i f i c a n t   s u p e r h e a t   from  t h e  

t u r b i n e   e x h a u s t ,   g e n e r a l l y   r a n g i n g   from  a t   l e a s t  

a b o u t   10°K  to  as  much  as  a b o u t   30°K.  Th i s   i s  

g e n e r a l l y   from  a b o u t   20  p e r c e n t   to  a b o u t   80  p e r c e n t  
of  the   s u p e r h e a t   in  t he   t u r b i n e   e x h a u s t .   The  a m o u n t  
of  r e d u c e d   s u p e r h e a t   is  v e r y   s i g n i f i c a n t   r e l a t i v e   t o  

any  r e m a i n i n g   s u p e r h e a t   and  has   a  s i g n i f i c a n t   i m p a c t  

on  low  p r e s s u r e   c o l u m n   p e r f o r m a n c e .  
The  c o l d   end  t e m p e r a t u r e   c o n t r o l   s t r e a m  

which   makes  a  p a r t i a l   t r a v e r s e   of  t h e   r e v e r s i n g   h e a t  

e x c h a n g e r   may  be  r e m o v e d   from  t h e   r e v e r s i n g   h e a t  

e x c h a n g e r   a t   any  p o i n t ;   t h i s   w i l l   be  d e p e n d e n t   i n  

p a r t   on  p r o c e s s   v a r i a b l e s .   H o w e v e r ,   i t   is  p r e f e r r e d  
t h a t   t h i s   s t r e a m   be  r e m o v e d   f rom  t h e   r e v e r s i n g   h e a t  

e x c h a n g e r   a t   a b o u t   t h e   m i d p o i n t   of  t he   h e a t  

e x c h a n g e r .   The  t e m p e r a t u r e   of  t h e   t e m p e r a t u r e  
c o n t r o l   s t r e a m ,   upon  r e m o v a l   f rom  t h e   r e v e r s i n g   h e a t  

e x c h a n g e r ,   is  t y p i c a l l y   from  a b o u t   150  to  2 0 0 ° K .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   i s  

p a r t i c u l a r l y   a d v a n t a g e o u s   when  a r g o n   p r o d u c t i o n   i s  

d e s i r e d .   As  is   know,  when  a r g o n   p r o d u c t i o n   i s  

d e s i r e d ,   a  s t r e a m   from  the   low  p r e s s u r e   c o l u m n  m a y  

be  fed  to  an  a r g o n   co lumn  to  be  s e p a r a t e d   i n t o  

a r g o n - r i c h e r   and  a r g o n - p o o r e r   f r a c t i o n s .   The  a r g o n -  
r i c h e r   f r a c t i o n   may  be  fed  to  an  a r g o n   r e f i n e r y   a n d  

the   a r g o n - p o o r e r   f r a c t i o n   r e t u r n e d   to  the   low 

p r e s s u r e   c o l u m n .  

As  can  be  a p p r e c i a t e d ,   a l l   of  t he   a b o v e  

d e s c r i b e d   e m b o d i m e n t s   of  t he   p r o c e s s   of  t h i s  

i n v e n t i o n   employ   d e s u p e r h e a t i n g   of  t he   t u r b i n e  

e x h a u s t   p r i o r   to  i t s   i n t r o d u c t i o n   i n t o   t he   l o w  

p r e s s u r e   c o l u m n .   T h o s e   s k i l l e d   in   t he   a r t   may 
d e v i s e   p r o c e s s   a r r a n g e m e n t s   o t h e r   t h a n   t h o s e  



s p e c i f i c a l l y   d i s c u s s e d   and  i l l u s t r a t e d   which   a r e   n o t  
i n c o n s i s t e n t   w i t h   t he   e s s e n t i a l   e l e m e n t s   of  t h e  

i m p r o v e d   p r o c e s s   of  t h i s   i n v e n t i o n .  

A  t y p i c a l   p r a c t i c e   of  the   p r o c e s s   of  t h i s  
i n v e n t i o n   is  i l l u s t r a t e d   by  the   p r o c e s s   c o n d i t o n s ,  
shown  in  T a b l e   I,  o b t a i n e d   from  a  c o m p u t e r  
s i m u l a t i o n   of  mass  and  h e a t   b a l a n c e s   a s s o c i a t e d   w i t h  

an  oxygen   p l a n t   wh ich   a l s o   p r o d u c e s   n i t r o g e n   a n d  

a r g o n .   Feed  a i r   is  p r o c e s s e d   to  p r o d u c e  

c o r r e s p o n d i n g   o x y g e n ,   n i t r o g e n ,   and  a r g o n   p r o d u c t s  
u t i l i z i n g   the  p r o c e s s   of  t h i s   i n v e n t i o n   a s  
i l l u s t r a t e d   in  F i g u r e   1.  The  s t r e a m   n u m b e r s  

c o r r e s p o n d   to  t h o s e   in  F i g u r e   1.  As  can  be  s e e n  

from  the  t a b u l a t i o n ,   t he   a i r   s t r e a m   w i t h d r a w n   f r o m  

the   h i g h   p r e s s u r e   co lumn   and  u t i l i z e d   for   u n b a l a n c e  

of  t he   r e v e r s i n g   h e a t   e x c h a n g e r s   is  a b o u t   11  p e r c e n t  
of  the   f eed   a i r   and  is  r e m o v e d   from  the   h e a t  

e x c h a n g e r   u n i t   a t   a b o u t   184°K  and  93  p s i a .   T h i s  

s t r e a m   is  t hen   t u r b o e x p a n d e d   d i r e c t l y   to  p r o d u c e  

p l a n t   r e f r i n g e r a t i o n   to  an  e x h a u s t   p r e s s u r e   of  a b o u t  

21  p s i a   and  c o r r e s p o n d i n g   e x h a u s t   t e m p e r a t u r e   o f  

a b o u t   129°K.  Th i s   c o n d i t i o n   r e p r e s e n t s   s u b s t a n t i a l  

s u p e r h e a t   in  the   e x h a u s t   gas  which   would   be  a  

s i g n i f i c a n t   d i s a d v a n t a g e   i f   t h i s   s t r e a m   w e r e  

d i r e c t l y   i n t r o d u c e d   i n t o   t h e   low  p r e s s u r e   c o l u m n .  

I n s t e a d ,   t h i s   s t r e a m   is  c o o l e d   to  a b o u t   103°K  w h i c h  

is  c l o s e   to  t he   s a t u r a t i o n   t e m p e r a t u r e   of  t he   h i g h  

p r e s s u r e   column  a i r   a t   t he   c o r r e s p o n d i n g   p r e s s u r e  
c o n d i t i o n   ( a b o u t   101°K  a t   93  p s i a )   and  t h e n  

i n t r o d u c e d   i n t o   the   low  p r e s s u r e   co lumn .   The  a i r  

d e s u p e r h e a t i n g   is  p e r f o r m e d   by  i n d i r e c t   h e a t  

e x c h a n g e   w i t h   a  l i q u i d   o b t a i n e d   from  the   h i g h  

p r e s s u r e   c o l u m n .   The  p r o c e s s   a r r a n g e m e n t   s e r v e s   t o  



r e d u c e   the  t u r b i n e   e x h a u s t   s u p e r h e a t   by  a b o u t   2 6 ° K  

of  t he   maximum  a v a i l a b l e   44°K.  Th i s   r e d u c t i o n   o f  

t u r b i n e   a i r   s u p e r h e a t   has  a  s i g n i f i c a n t   e f f e c t   o n  

t h e   p e r f o r m a n c e   of  the   low  p r e s s u r e   c o l u m n  

s e p a r a t i o n .   A l t h o u g h   the   t a b u l a t i o n   i l l u s t r a t e s  

s p e c i f i c a l l y   a  t u r b i n e   i n l e t   t e m p e r a t u r e   of  a b o u t  

184°K  and  c o r r e s p o n d i n g   o u t l e t   t e m p e r a t u r e   of  a b o u t  

129°K  and  s u b s e q u e n t   c o o l i n g   of  a b o u t   26°K,  i t   i s  

u n d e r s t o o d   t h a t   t he   p r a c t i c e   of  t h i s   i n v e n t i o n  

e n c o m p a s s e s   a  r a n g e   of  such   c o n d i t i o n s .  



1.  In  a  p r o c e s s   for   t he   s e p a r a t i o n   of  a i r  

by  r e c t i f i c a t i o n   w h e r e i n   f e e d   a i r   a t   g r e a t e r   t h a n  

a t m o s p h e r i c   p r e s s u r e   is  c o o l e d   s u b s t a n t i a l l y   to  i t s  
dew  p o i n t   and  is  s u b j e c t e d   to   r e c t i f i c a t i o n   in  a  

h i g h   p r e s s u r e   co lumn  and  a  low  p r e s s u r e   co lumn,   a n d  

w h e r e i n   a  f i r s t   s t r e a m ,   h a v i n g   an  o x y g e n  
c o n c e n t r a t i o n   of  from  a b o u t   10  p e r c e n t   to  t h a t   o f  

a i r ,   is  warmed  by  p a r t i a l   t r a v e r s e   a g a i n s t   s a i d  

c o o l i n g   f e e d   a i r ,   s a i d   f i r s t   s t r e a m   t h e n  

s e q u e n t i a l l y   b e i n g   e x p a n d e d   and  i n t r o d u c e d   i n t o   s a i d  

low  p r e s s u r e   c o l u m n ,   the   i m p r o v e m e n t   c o m p r i s i n g :  

(1)  w i t h d r a w i n g   f rom  s a i d   h i g h  

p r e s s u r e   co lumn  a  s e c o n d   l i q u i d   s t r e a m ;  

(2)  c o o l i n g   s a i d   f i r s t   s t r e a m   a f t e r  

e x p a n s i o n   b u t   b e f o r e   i n t r o d u c t i o n   i n t o   the   l o w  

p r e s s u r e   co lumn  by  i n d i r e c t   h e a t   e x c h a n g e   w i t h   s a i d  

s e c o n d   s t r e a m ;   a n d  

(3)  r e t u r n i n g   s a i d   s e c o n d   s t r e a m   t o  

the   h i g h   p r e s s u r e   c o l u m n .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

f i r s t   s t r e a m   is  a  vapo r   s t r e a m   w i t h d r a w n   from  t h e  

h i g h   p r e s s u r e   c o l u m n .  

3.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

f i r s t   s t r e a m   is  a  f r a c t i o n   of  c o o l e d   f eed   a i r   w h i c h  

has  been   p a s s e d   t h r o u g h   f i l t e r   means  for   r e m o v a l   o f  

c o n t a m i n a n t s .  

4.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

s e c o n d   s t r e a m   is  r e t u r n e d   to  the   h i g h   p r e s s u r e  
column  c o m p l e t e l y   as  v a p o r .  



5.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

f i r s t   s t r e a m   has   an  o x y g e n   c o n c e n t r a t i o n   of  from  19 

to  21  p e r c e n t .  

6.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

s e c o n d   s t r e a m   has   an  o x y g e n   c o n c e n t r a t i o n   of  from  30  

to  45  p e r c e n t .  

7.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

s e c o n d   s t r e a m   has   an  o x y g e n   c o n c e n t r a t i o n   of  from  35 

to  39  p e r c e n t .  

8.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e  

t e m p e r a t u r e   of  s a i d   f i r s t   s t r e a m   a f t e r   wa rming   b u t  

b e f o r e   e x p a n s i o n   is  f rom  150*K  to  2 0 0 ° K .  

.  9.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e  

v o l u m e t r i c   f low  r a t e - o f   s a i d   f i r s t   s t r e a m   is  from  7 

to  18  p e r c e n t   of  t he   f e e d   a i r   f low  r a t e .  

10.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e  

v o l u m e t r i c   f low  r a t e   of  s a i d   f i r s t   s t r e a m   is  from  9 

to  12  p e r c e n t   of  t h e   f e e d   a i r   f low  r a t e .  

11.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d  

c o o l i n g   s t e p   (2)  r e m o v e s   from  a b o u t   20  p e r c e n t   t o  

a b o u t   80  p e r c e n t   of  t he   s u p e r h e a t   from  the   e x p a n d e d  
f i r s t   s t r e a m .  

12.  In  a  p r o c e s s   for   t h e   s e p a r a t i o n   of  a i r  

by  r e c t i f i c a t i o n   w h e r e i n   f e e d   a i r   a t   g r e a t e r   t h a n  

a t m o s p h e r i c   p r e s s u r e   is  c o o l e d   s u b s t a n t i a l l y   to  i t s  

dew  p o i n t   and  is  s u b j e c t e d   to  r e c t i f i c a t i o n   in  a  

h i g h   p r e s s u r e   co lumn   and  a  low  p r e s s u r e   co lumn ,   a n d  

w h e r e i n   a  f i r s t   s t r e a m   h a v i n g   a  c o m p o s i t i o n  



s u b s t a n t i a l l y   t h a t   of  a i r   is  warmed  by  p a r t i a l  

t r a v e r s e   a g a i n s t   s a i d   c o o l i n g   f e e d   a i r ,   s a i d   f i r s t  

s t r e a m   t hen   s e q u e n t i a l l y   b e i n g   e x p a n d e d   a n d  
i n t r o d u c e d   i n t o   s a i d   low  p r e s s u r e   c o l u m n ,   t h e  

i m p r o v e m e n t   c o m p r i s i n g :  

(A)  d i v i d i n g   t he   c o o l e d   f e ed   a i r   i n t o  

a  m a j o r   f r a c t i o n   and  a  minor   f r a c t i o n ;  

(B)  i n t r o d u c i n g   t h e   ma jo r   f r a c t i o n  
i n t o   the   h i g h   p r e s s u r e   c o l u m n ;  

(C)  d i v i d i n g   t he   minor   f r a c t i o n   i n t o  
the   f i r s t   s t r e a m   and  a  s e c o n d   s t r e a m ;  

(D)  c o o l i n g   the   f i r s t   s t r e a m   a f t e r  

e x p a n s i o n   bu t   b e f o r e   i n t r o d u t i o n   to  the   low  p r e s s u r e  
co lumn  by  i n d i r e c t   h e a t   e x c h a n g e   w i t h   s a i d   s e c o n d  

s t r e a m ;   and  . 
.  (E)  i n t r o d u c i n g  t h e   s e c o n d   s t r e a m  

i n t o   the   h i g h   p r e s s u r e   c o l u m n .  

13.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t h e  

t e m p e r a t u r e   of  s a i d   f i r s t   s t r e a m   a f t e r   wa rming   b u t  

b e f o r e   e x p a n s i o n   is  from  150°K  to  2 0 0 ° K .  

14.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t h e  

v o l u m e t r i c   flow  r a t e   of  s a i d   minor   f r a c t i o n   is  f r o m  

7  to  18  p e r c e n t   of  the   f eed   a i r   r a t e .  

15.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t h e  

v o l u m e t r i c   flow  r a t e   of  s a i d   minor   f r a c t i o n   is  f r o m  

9  to  12  p e r c e n t   of  t h e   f e ed   a i r   r a t e .  

16.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t h e  

v o l u m e t r i c   flow  r a t e   of  s a i d   s e c o n d   s t r e a m   is  from  1 

to  3  p e r c e n t   of  the   f e e d   a i r   r a t e .  



17.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   s a i d  

c o o l i n g   s t e p   (D)  r e m o v e s   from  a b o u t   20  p e r c e n t   t o  

a b o u t   80  p e r c e n t   of  t he   s u p e r h e a t   from  the   e x p a n d e d  
f i r s t   s t r e a m .  






	bibliography
	description
	claims
	drawings

